We present freshly evaluated B(E2 ↑; 0 + → 2 + ) values across the even-even Sn-isotopes which confirm the presence of an asymmetric behavior as well as a dip in the middle of the full valence space. We explain these features by using the concept of generalized seniority. The dip in the B(E2) values near 116 Sn is understood in terms of a change in the dominant orbits before and after the mid shell, which also explains the presence of asymmetric peaks in the B(E2) values.
Introduction
The Sn-isotopes present the longest available isotopic chain between two doubly magic nuclei from 100 Sn to 132 Sn, and beyond. They provide a very useful data set to explore nuclear structural properties across the N = 50 to 82 shell, and also to test the realistic effective interactions [1, 2] . The concept of seniority [3] has been successfully used in the past as an important tool to understand the behavior of the semi-magic nuclei, from the particle number independent energies to the parabolic B(E2) variation [5, 6] . We have recently presented a simple microscopic scheme for the generalized seniority in multi-j degenerate orbits, where we find that the electric transitions, for both the even and the odd tensors, behave similar to each other. This enabled us to find for the first time a new kind of seniority isomers due to the odd-tensor E1 transitions in the Sn-isotopes [6] , and gave us chance to explain the behavior of E3 transitions in Sn-isotopes as well [7] . We use the same approach in this paper to understand the behavior of the B(E2 ↑; 0 + → 2 + ) values in the Sn-isotopes.
The nearly constant energy of the first 2 + states from 100 Sn to 130 Sn suggests that seniority may be a good quantum number in these isotopes. In a theoretical study, Sandulescu et al. [8] compared the energies of the yrast generalized seniority states with shell model states for 104−112 Sn, and concluded that a model space with seniority greater than 2 is probably necessary. Several groups, both theoretical and experimental, have been studying the B(E2 ↑; 0 + → 2 + ) variation in the Sn-isotopes. It was expected that the B(E2) values would show a parabolic variation with a peak in the middle as predicted by the seniority scheme applied to the full valence space. Earlier measurements also supported the same. However, Jungclaus et al. [9] have recently reported new measurements which deviate from the expected parabolic behavior in the middle at 116 Sn, where they find a dip rather than the expected peak [10] , and attributed it to a reduced collectivity in the middle. Morales et al. [11] , however, explained this minimum in terms of the different rates of filling of the orbits by using a generalized seniority approach [12, 4, 14] .
More recently, Doornenbal et al. [15] have reported a new measurement of B(E2) in 104 Sn; they have also compared the results from the large scale shell model (LSSM) and quasiparticle random phase approximation (QRPA), and other theoretical calculations [11, 16, 17, 18, 27] with the available experimental data in the Sn-isotopes [9, 10, 19, 20, 21, 22, 23, 24, 25, 26, 27] .
Iudice et al. [28] have tried to reproduce the asymmetry of B(E2) parabolas by using the quasi-particle phonon model (QPM), and explore its origin in the evolution of single particle energies and polarization of the N = Z = 50 core.
On the other hand, Jiang et al. [29] also presented a theoretical framework of nucleon pair approximation (NPA), where they used two sets of single particle energies, two-body interaction parameters and effective charges, one each for A ≤ 116 and A ≥ 116, in order to reproduce the B(E2) data with two asymmetric parabolas and a minimum at 116 Sn. In fact, some doubts have also been raised about the existence of the minimum in the experimental B(E2)s as several measurements with significant variations exist.
The purpose of this paper is to perform a systematic study of the B(E2) values in even-even Sn-isotopes for the first excited 2 + state in the framework of generalized seniority in multi-j environment. We found it necessary to reevaluate the measured B(E2) data for Sn-isotopes, in view of the large number of measurements differing from each other, even though a 2015 update of the B(E2) values has just been published [30] . We then use a simple microscopic approach based on quasi-spin scheme [31, 32] applied to the generalized seniority in many-j degenerate orbits, and calculate the reduced transition probabilities in the Sn-isotopes by a simple formula, which has been presented in our recent paper [6] . These generalized seniority calculations, which are very handy in nature, reproduce the overall experimental trend with a minimum in the middle, and provide direct information about the orbits involved before and after the mid-shell. The seniority-guided shell model calculations are then used to support these results, which also reproduce the minimum at the middle and explain the asymmetric peaks in the B(E2) values quite well. Our generalized seniority and seniority guided LSSM calculations, hence, support the understanding of two asymmetric parabolas in terms of filling of different orbits, before and after the middle, and support the results of Morales et al. [11] .
The paper is organized in four sections. We present the evaluated B(E2)
values for Sn-isotopes in section II. Section III presents a brief theoretical frame-work about the generalized seniority scheme, including the formulas used in the calculations. Section IV gives all the details of the calculations and results for both generalized seniority and seniority guided LSSM calculations. Section V summarizes the present work. 
Evaluated B(E2) data

Theoretical Framework
We use the generalized seniority scheme for multi-j degenerate orbits to calculate the B(E2) values in the Sn-isotopes, already presented in our recent
paper [6] . The B(E2) transition probabilities between the initial J i and final J f (2j + 1), by using the formula,
where the reduced matrix elements in thej n configuration can be reduced to the configuration for seniority changing ∆v = 2 transitions from the equation [6] ,
Note that the coefficients in the square brackets in the multi-j case, are similar to the well known single-j case, due to the simple incorporation of the multi-j by definingj = j ⊗ j ′ ..... The coefficient decides the behavior of the B(E2) values, which depends only on the particle number n, the generalized seniority v and the corresponding total pair degeneracy Ω in the multi-j environment.
This means that the B(E2) transition probabilities will show a parabolic behavior with a maximum at the mid-shell for ∆v = 2, seniority changing transitions as is the situation in (0 + → 2 + ) transitions. We use the generalized seniority formula in the following to calculate the B(E2 ↑)s. We also obtain the B(E2 ↑)s by using the LSSM calculations, using the valence spaces guided by the generalized seniority scheme. These LSSM calculations support the generalized seniority results very well, with a minimum in the middle and two asymmetric parabolas. We present details of the calculations in the next section.
Calculations and discussion
We plot our calculated results in Fig. 1 , using dashed and dash-dotted lines for generalized seniority and seniority guided LSSM calculations, respectively.
For the generalized seniority calculations, we divide available valence space of g 7/2 , d 5/2 , h 11/2 , d 3/2 and s 1/2 orbits in the Sn-isotopes into two parts: (a)
We take 100 Sn as a core for Ω = 10, a natural choice, while 108 Sn as a core for Ω = 12 due to the g 7/2 orbit which is now full. For dividing the valence space, we use the fact that the h 11/2 orbit mainly dominates after the mid-shell ( 116 Sn), while the g 7/2 orbit completely freezes on reaching 116 Sn. We then calculate the B(E2) values by using the generalized seniority scheme, and obtain two asymmetric parabolas as shown in Fig. 1 .
It is interesting to note that the two parabolas would cross over each other at 116 Sn (if extrapolated in Fig. 1) , and naturally support a minimum at the middle. Therefore, the minimum of B(E2) values at 116 Sn surely does not correspond to any reduced collectivity as suggested earlier by Jungclaus et al. [9] .
It only describes the change in the filling of the orbits before and after the middle, and also corresponds to the location, where g 7/2 freezes out, and h 11/2 takes over. These calculations, hence, explain the overall experimental trend quite well, and also provide a direct cue for the configuration involved and their influence on the B(E2) values. It may also be concluded that proper configuration mixing is required to understand the origin of the excited states in the semi-magic nuclei; the first excited 2 + states of the Sn-isotopes in the present case.
We further use this generalized seniority scheme to single out the active valence spaces and resultant truncations for LSSM calculations. We divide the LSSM calculations also in two parts: first we take 100 Sn as a core with the multij configurationj = g 7/2 ⊗d 5/2 ⊗d 3/2 ⊗s 1/2 (LSSM1) and second we choose For comparison, we have also calculated the B(E2) values by using Ω = 7 with 100 Sn core and Ω = 9 with 114 Sn core in the generalized seniority and plotted these results in Fig. 2 , along with the evaluated experimental trend.
Here Ω = 7 and 9 correspond toj = g Hence, the seniority generalized for multi-j orbits, provides a direct understanding of the configuration mixing, and the truncations in the Sn-isotopes.
The seniority guided shell model calculations confirm the same. We, therefore, conclude that the dip in the middle, neither corresponds to the reduced collectivity, nor supports any core-excited structure in any significant way. The dip is only due to the different sets of active orbits and their different rate of mixings, which finally leads to the asymmetric B(E2) parabolas. These results also agree with the conclusions of Morales et al. [11] .
Conclusion
In conclusion, we have re-evaluated the B(E2 ↑; 0 + → 2 + ) transition probabilities in the Sn-isotopes and provided a set of most acceptable values. The evaluated data confirm the existence of a dip in the middle of full valence space.
We, then, use them in the generalized seniority scheme for multi-j degenerate orbits. These simple calculations reproduce the experimental data quite well along with the dip in the middle. This also works as a guide to fix the orbits involved in configuration mixing. This information turns out to be very useful in deciding the truncations in the LSSM calculations, which again reproduce the experimental trend very well. The dip in the middle, therefore, corresponds to a competition between the orbits in N = 50 − 82 valence space, and pinpoints the location where the role of the g 7/2 orbit is taken over by the h 11/2 orbit. It is remarkable that the calculated values from our formulation match with the LSSM results very well. This confirms the effectiveness of our formulation based on the generalized seniority. We also conclude that the minimum in the middle does not correspond to a reduced collectivity as also pointed out by Morales et al. [11] . 
